Air pollution is one of the most serious problems to human health. Fungi are the causal agents for different diseases in animals, plants, and human beings. Otomycosis, chronic bronchitis, emphysema, asthma, allergy, and systemic mycosis are among the fungal diseases caused. The present study was conducted to analyze the monthly incidence of airborne fungi, seasonal variation, and influence of meteorological parameters in indoor and outdoor fungi of cowshed at Hesaraghatta village, Bangalore. An aeromycological survey of indoor and outdoor area of cowshed at Hesaraghatta village in Bangalore city was carried out using the Andersen two-stage sampler onto a petri dish containing malt extract agar from January 2011 to December 2011. Altogether, 29 species belonging to 13 genera from indoor and 26 species belonging to 12 genera were recorded from outdoor environment of the cowshed; the dominant fungal species identified were Cladosporium sp., Aspergillus sp., and Alternaria alternata. Seasonal occurrence of fungal spores in both indoor and outdoor of the cowshed revealed that maximum spores were recorded in summer season followed by winter and rainy season.
Introduction
Airborne particles are present throughout the environment. Despite the fact that atmospheric air does not favour growth of microorganisms due to lack of nutrients, the microorganisms are present in aerosol form, suspended in the air. The basic sources of microbes are soil, water, animals, and humans and they originate in many different forms and affect visibility, climate, human health, and the quality of life [1] . Airborne microbial quantity and quality vary with time of day, year, and location [2] .
Fungi are common in indoor and outdoor environment. Nearly 10% of people worldwide have fungal allergy [3] . Numerous studies have shown that exposure to fungi may be associated with acute toxic effects, allergies, and asthma [4] . Researchers believe that more than 80 genera of fungi are associated with symptoms of respiratory tract allergies [5] . Over 100 species of fungi are involved with serious human and animal infections, whereas many other species cause serious plant diseases [6] . Many fungal spores are involved in respiratory allergies and different kinds of infections [7] .
Fungal aerosols produced in animal rearing houses may threaten caretakers and external environment. Respiratory infection or damage may occur in caretakers as well as in animal rearing houses with prolonged exposure to the environment at high microorganism levels [8] . Microbial aerosols of high levels are also associated with allergy and asthma in caretakers [9] . Airborne fungi have much attention from medical researchers as well as environmentalists [10] . At present, there are numerous studies highlighting both outdoor and indoor environments, especially in buildings frequented by a large number of people, who may be exposed to this type of aeroallergen [11] , and many authors indicated that the dominant fungi were and in the atmosphere and their concentration differed from place to place, because of local environmental variables, fungal substrates, and human activities.
Many studies have investigated the concentrations of airborne fungal spores from cowshed places and a relatively high frequency of Aspergillus sp., Cladosporium sp., Curvularia sp., Penicillium sp., Alternaria sp., Fusarium sp., Helminthosporium sp., and Trichoderma species was recorded
Materials and Methods

Sampling Site.
The cowshed selected for this investigation was situated at Hesaraghatta village in Bangalore, India.
Sampling Time.
Indoor and outdoor air samples of cowshed were collected at monthly intervals over a period from January 2011 to December 2011.
Collection of Samples.
Andersen two-stage sampler was placed in the center of the cowshed [19] , 1.5 meter above the ground level. Malt extract agar was used as sampling medium. Airflow was 28.3 L/min during the sampling and the sampling time is limited to 5 minutes.
Treatment of Samples.
The air sampled plates were incubated for 5 to 7 days at room temperature and the identification was based on the detailed study of all the microscopic morphological characters of the fungi and the macroscopic features of their colonies. The results for each stage of the sampler were expressed as colony forming units per cubic meter of air (CFU/m 3 ) and total concentration was obtained by adding the CFU/m 3 from each plate. Identification of fungal colonies was based on morphological characteristics and microscopic observations with the help of Agharkar Research Institute, Pune (India).
Statistical Analysis.
Statistical analysis was carried out using SPSS windows Microsoft version 16, 2007 . Comparison between indoor and outdoor airborne fungi, Pearson's correlation between meteorological variables tests, one-way ANOVA for CFU, and two-way ANOVA for CFU and season of the cowshed were performed with significance at the 0.05 level 2-tailed.
Results
During the study period, a total number of 15419.04 CFU/m 3 was isolated from both indoor and outdoor environment of cowshed, of which indoor 7808.36 CFU/m 3 and outdoor 7610.68 CFU/m 3 of cowshed contributed (Tables 1 and 2 ). Altogether 29 species belonging to 13 genera were isolated from indoor and outdoor 26 species belonging to 12 genera isolated, in addition to unidentified fungi.
Among the total number of isolated fungal species from indoor Aspergillus (27.36%) was represented by 6 Table 2 . It was observed that all the fungal genera and species remain the same, with variation in their percentage occurrence, but few of the fungal species like A. ochraceus, Neurospora sp., and P. nigricans were found in the indoor environment of the cowshed.
Based on comparative analysis, the dominant fungal species in indoor of cowshed were Cladosporium (8.13%), Aspergillus (6.41%), and Aspergillus niger (6.1%) but Scopulariopsis (0.4%) and Aspergillus ochraceus (0.63%) were the least recorded ( Figure 1) ; at higher temperature of more than 32 ∘ C, the total CFU's distribution was slightly more during March 709.53 CFU/m 3 reached maximum in their CFU's, when the temperature was less than 26 ∘ C, the CFU's reduced between November 476.55 CFU/m 3 . The high relative humidity from June to September (94%) reduced the distribution of organisms (2449.82 CFU/m 3 ). The CFU gradually increased to 2915.78 CFU/m 3 with less relative humidity (85%) between the months of January and April. In the present study, the wind speed showed less impact on the distribution of CFU with less variation in their CFU. Almost during the months from May to October with wind speed of 9 km/h or higher, the distribution of organisms seems to be less March 709.53 CFU/m 3 though there was no rainfall, the total organism distribution became higher during these periods.
The correlation of coefficient between meteorological parameters like temperature, relative humidity, wind speed, and rainfall with cowshed fungal CFU collected during the sampling time showed significance at different concentration levels ( significant in CFU for both groups when subjected to the same conditions for the entire year (Table 6 ). Analysis of the two-way ANOVA for CFU and season of the cowshed showed no significant difference in CFU's growth between indoor and outdoor cowshed colonies over the different months (Table 7) .
Discussion
This study revealed that a great variety of fungal spores constitute the airborne fungal spores of the cowshed at Hesaraghatta village, Bangalore. [20] .
The predominant airborne fungi were Cladosporium sp., Aspergillus sp., Aspergillus niger, and Alternaria alternata. Most cowshed investigations have reported Alternaria alternata, Aspergillus, and Cladosporium as the predominant fungal species. Sing [21] reported indoor air fungal flora of a cowshed using Andersen air sampler, out of 8448.3 CFU/m 3 identified as Aspergillus, Cladosporium, Curvularia, Penicillium species, and so forth, were most commonly isolated types. Adhikari et al. [12] recorded 29 airborne fungal spores from the rural cowshed and a total of 24 from the suburban area. In both places, a relatively high frequency of Cladosporium sp., Aspergillus sp., Alternaria alternata, Penicillium species, and some unidentified fungi was recorded. In addition, skin prick tests were performed by them with antigenic extracts prepared from the most culture of fungi on people who were either occupationally involved are used to visit the sheds, which revealed instances of high levels of Factors such as building dampness, indoor temperature, relative humidity, and hygiene conditions indoors and in the surrounding environment favour the growth and proliferation of fungi including the pathogenic species [23] . There is clinical evidence that exposure to mould and other dampness-related microbial agents increases the risk of rare conditions such as hypersensitivity, pneumonitis, allergic alveolitis, chronic rhinosinusitis, and allergic fungal sinusitis [24] . This could be because of improper management of the indoor environment and poor ventilation. In the naturally continuous mixing of indoor and outdoor air, the concentration of fungi can be two to five times higher than the outdoor level [25] . However, the spore concentration has been observed to be much lower in outdoor (control) environment. Because many people spend as much as 90% of their time indoors, the health risk of indoor air pollutants is of critical public health concern. Studies have shown association between reported indoor dampness and health outcomes, including respiratory symptoms, headache, and upper respiratory airway infections [26] . The total spore concentration and CFU in cowshed were observed during various seasons, which revealed that indoor and outdoor higher total spore and CFU concentration levels were maximum in summer season followed by winter season and then rainy season. The possible reason could be due to the vigorous growth of plant in summer simultaneously allowing the growth of airborne fungi along with increased temperature and therefore favoring fungal growth [27] . The winter season in India belongs to the months between November and February, summer between March and June, and rainy between July and October. The CFU/m 3 growth for cowshed was the lowest during the rainy season when the temperature was around 23 ∘ C. The reason could be due to the washing of fungal air spores from the atmosphere due to precipitation. Immediately after rainy seasons, the CFU/m [28] . The differences in cowshed were observed with respect to the CFU's and spore concentrations of individual fungal types with average monthly concentrations, but no significant difference was observed when the total overall yearly concentrations were considered. The possible reason might be the insignificant changes of environmental factors as well as the fungal growth substrates at the cowshed during the oneyear sampling. It is an established fact that temperature and relative humidity are two important factors for fungal spore generation, release, and dispersal, particularly in indoor environments [29, 30] . Higher temperature and relative humidity in the months of rainy season and associated higher concentration of culturable fungal spores in the cowshed are supporting the observations of earlier researchers. The dominance of Aspergillus, Penicillium, and Cladosporium in all monitored locations was in agreement with Shelton et al. [31] , who reported that these were the dominant culturable airborne fungi in indoor buildings in United States and elsewhere. There were also reports that Aspergillus can be used as an indicator for fungal contamination in buildings [32] . According to Nielsen [33] , Aspergillus, Penicillium, Fusarium, Alternaria, and Trichoderma are the most frequently found fungal genera indoor and some species of these genera are main mycotoxin producers that can cause mycotoxicoses. This toxic response sometime leads to deterioration of liver or kidney functions if ingested by humans through food [34] .
A series of fungal treatments and other remediation steps were carried out to improve conditions that were favorable for the establishment and growth of the fungi. During the treatment, special clothing with rubber gloves and mask was used to protect the skin and eyes. Besides, high efficiency particulate air respirators were used during the fungal treatment. The effectiveness of the treatment was proven by the decreasing numbers of CFU during air sampling. Although most fungi have periods of the year when their spores are more prevalent than others, some can be found virtually all year round. Concentration of fungal spores in outdoor environments is usually high, especially during the rainy season. Although many spore types are washed from the atmosphere during rainfall, other spore types only occur in rainy weather. The air is abundant of fungal spores although it is not a good medium for growth unlike the soil, water, surfaces of living organisms, and nonliving materials.
Conclusion
This study was carried out in the animal rearing houses; it clearly revealed the concentration of different fungal species in the environment. The data of fungal spore content in indoor and outdoor environment helped us to prepare the fungal spore calendar on this region. The seasonal periodicity information of the major allergenic spores will be valuable for susceptible patients to take respiratory protection measures during the peak time. The fungal spore calendar and prediction model will be helpful to forecast the allergenic fungal spore load in the air of Hesaraghatta village. Respiratory allergic problems and hospital admission with relevant diseases of that zone are related to the presence of airborne allergenic fungal spores.
